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IXIXODUCTION 

A f i s h e r y  management p l a n  (FMP) h a s  been prepared  by t h e  Western 
P a c i f i c  Regional F i she ry  Management Council (WPRFMC) f o r  t he  bot tom f i s h  
and seamount f i s h e r i e s  of t h e  reg ion  (Hawaii, American Samoa, Guam, and t h e  
Commonwealth of t h e  Northern Marianas). T h i s  p l a n  w a s  prepared under  t h e  
a u t h o r i t y  of t h e  Magnuson Fishery  Conservat ion and Fknagement A c t  of 1976 
and i s  in tended  t o  r e s u l t  i n  t h e  management of t h e s e  f i s h e r i e s  s o  t h a t  
opt imal  y i e l d s  are obtained.  The FMP r e c e n t l y  passed  a l l  phases  of review 
and i s  now scheduled t o  b e  implemented and i n  e f f e c t  by September 1986. 

The p l an  s t i p u l a t e s  t h a t  every y e a r  a moni tor ing  team w i l l  assess t h e  
b i o l o g i c a l  and economic c o n d i t i o n s  p r e v a i l i n g  i n  t h e s e  f i s h e r i e s  and a n  
annual r e p o r t  w i l l  be prepared  and p resen ted  t o  t h e  WPRFMC based on i t s  
f ind ings .  A c r i t i c a l  element of t h i s  r e p o r t  w i l l  b e  a s e c t i o n  based  on t h e  
a n a l y s i s  of bottom f i s h  size-frequency d a t a ,  the r e s u l t s  of which w i l l  be 
used t o  update  and revise our  th ink ing  concern ing  t h e  e x t e n t  of b i o l o g i c a l  
over f i sh ing .  An a n a l y s i s  of t h i s  t ype  i s  s p e c i f i c a l l y  c a l l e d  f o r  i n  t h e  
FMP and could,  i n  p r i n c i p l e ,  u t i l i z e  t h e  d a i l y  r e c o r d s  of bottom f i s h  s a l e s  
a t  t h e  United F i sh ing  Agency (UFA) i n  Honolulu, Hawaii. For example, 
Rals ton  and Kawamoto (1985) analyzed t h e  1984 size s t r u c t u r e  of Hawai i ' s  
commercial l a n d i n g s  of opakapaka, P r i s t i pomoides  f i lamentosus ,  u s i n g  such 
da ta .  

The purpose of t h i s  r e p o r t  i s  t o  examine t h e  n a t u r e  of s i z e  v a r i a t i o n  
i n  p a r c e l s  of bottom f i s h  so ld  a t  t h e  UFA t o  e s t a b l i s h  a s t r o n g e r  s t a t i s t i -  
c a l  b a s i s  f o r  e s t i m a t i n g  t h e  s i z e  s t r u c t u r e  of s p e c i e s  i n  t h e  bottom f i s h  
management u n i t .  I f  r e p r e s e n t a t i v e  s ize-frequency d a t a  can be  ob ta ined  by 
examining i n d i v i d u a l  UFA l o t  s t a t i s t i c s .  i t  w i l l  be  p o s s i b l e  t o  meet t h e  
r e p o r t i n g  requirements  of t h e  bottom f i s h  FMP wi thou t  implementing a new 
and c o s t l y  sampling program. 

BOTTOM FISH TRANSACTIONS AT THE UNITED FISHING AGENCY 

A t  t h e  UFA a f i sherman ' s  bottom f i s h  c a t c h  i s  auc t ioned  o f f  i n  e i t h e r  
cne of two forms, i.e.. a s  i n d i v i d u a l  f i s h  o r  more commonly i n  " l o t s . "  A 
l o t  i s  composed of a grouping o r  c o l l e c t i o n  of c o n s p e c i f i c  f i s h  from a 
s i n g l e  f i sherman ' s  landings .  S i g n i f i c a n t l y ,  t h e  f i s h  a r e  s o r t e d  so t h a t  
a l l  t hose  w i t h i n  a s i n g l e  l o t  tend t o  be of s imi l a r  s i z e .  

The f i s k  i n  a l o t  are  loaded e i t h e r  ' Into meta l  t u b s  o r  on to  rubber ized  
b l ack  p l a s t i c  p a l l e t s .  L o t s  a r e  i d e n t i f i e d  w i t h  a s l i p  of paper  con ta in ing  
f o u r  p i e c e s  of in format ion:  (a )  t h e  spec ie s ,  (b)  t h e  t o t a l  l o t  weight ,  (c )  
t h e  number of i n d i v i d u a l  f i s h ,  and (d) t h e  f i s h i n g  vessel l and ing  t h e  
catch.  S ing le  f i s h  l o t s  are  s i m i l a r l y  tagged b u t  f o r  obvious r e a s o n s  
c o n t a i n  only  i t e m s  ( a ) .  (b ) ,  and (d) .  The f i s h  a r e  then  placed on t h e  
auc t ion  f l o o r  f o r  sale. Af t e r  a buyer h a s  b i d  and purchased a l o t  t h e  
company name and t h e  b i d  p r i c e  a r e  a l s o  recorded.  
l o t  auc t ioned  a t  t h e  UFA c o n t a i n s  an average  of 6 f i s h  and weighs 
approximately 18 kg (40 l b )  (unpublished 1985 d a t a ) .  

A t y p i c a l  bot tom f i s h  
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Rals ton  and Kawamoto (1985) e x p l o i t e d  t h e  f a c t  t h a t  f i s h  are s o r t e d  by 
s i z e  t o  e s t i m a t e  t h e  s i z e  s t r u c t u r e  of t h e  1984 l a n d i n g s  of opakapaka a t  
t h e  UFA. 
by s i z e  t h e r e  would be no v a r i a t i o n  i n  weight  among i n d i v i d u a l s  w i t h i n  a 
l o t .  The mean weight  of f i s h  w i t h i n  a l o t  would then  b e  equal  t o  t h e  
s p e c i f i c  weights  of a l l  the i n d i v i d u a l  f i s h  which t o g e t h e r  comprised it. 
They showed t h a t ,  i n  fact ,  t h e r e  i s  s ize  v a r i a t i o n  w i t h i n  l o t s ,  a l though i t  
i s  small r e l a t i v e  t o  o v e r a l l  l eve ls  of v a r i a t i o n .  For  example. an  a n a l y s i s  
of v a r i a n c e  of 694 i n d i v i d u a l l y  weighed uku, Aprion v i r e s c e n s ,  t aken  from a 
sample of 167 UFA l o t s  r e v e a l e d  t h a t  91% of t h e  t o t a l  v a r i a t i o n  i n  weight 
w a s  due t o  d i f f e r e n c e s  among l o t s ,  whereas only 9% of weight  v a r i a t i o n  
e x i s t e d  w i t h i n  l o t s .  They argued t h a t  because v a r i a t i o n  i n  s i z e  of f i s h  
w i t h i n  l o t s  i s  small r e l a t i v e  t o  t h e  t o t a l  amount. a s  a f i r s t  approximation 
one could  regard  a l l  of t h e  f i s h  w i t h i n  a l o t  t o  b e  of equal  size. Using 
t h i s  assumption t h e  y e a r ' s  o v e r a l l  s i z e  composi t ion of opakapaka l and ings  
w a s  r econs t ruc t ed  by c a l c u l a t i n g  t h e  mean s i z e  of f i s h  i n  each l o t  ( t o t a l  
weight / t o t a l  number of f i s h )  and by accumulating a n  aggrega te  weight- 
f requency d i s t r i b u t i o n  by a s s i g n i n g  each i n d i v i d u a l  f i s h  t h a t  passed 
through t h e  a u c t i o n  t o  rounded l-pound weight  c a t e g o r i e s .  

They s t a r t e d  w i t h  t h e  premise t h a t  i f  f i s h  w e r e  s o r t e d  p e r f e c t l y  

This type  of approach rests heav i ly  on t h e  assumption t h a t  v a r i a t i o n  
i n  f i s h  weight  w i t h i n  a l o t  i s  n e g l i g i b l e .  Were i t  p o s s i b l e  t o  s p e c i f y  not  
only t h e  mean weight  of f i s h  w i t h i n  a l o t ,  b u t  a l s o  t h e  v a r i a n c e  i n  weight  
and the form of t h e  d i s t r i b u t i o n ,  i t  would be a r e l a t i v e l y  s t r a i g h t  forward 
c a l c u l a t i o n  t o  estimate t h e  o v e r a l l  s i z e  d i s t r i b u t i o n  of f i s h  i n  each 
i n d i v i d u a l  l o t .  Furthermore,  based upon t h e  i n f o r m a t i o n  provided on 
a u c t i o n  l o t  sa les  s l i p s ,  t h e r e  a r e  t h r e e  f a c t o r s  which might be u s e f u l  i n  
developing a p r e d i c t i v e  equa t ion  t o  estimate v a r i a t i o n  i n  weight  w i t h i n  a 
bottom f i s h  l o t :  (a )  t h e  t o t a l  l o t  weight ,  (b) t h e  number of p i e c e s ,  and 
(c )  t h e  spec ies .  

METHODS 

A bottom f i s h  subsampling program was i n s t i t u t e d  a t  t h e  UFA beginning 
i n  December 1985 t h a t  cont inued  through Apr i l  1986. The sampling w a s  
designed t o  g a t h e r  d a t a  t o  develop B m u l t i p l e  r e g r e s s i o n  equat ion  f o r  
p r e d i c t i n g  weight v a r i a t i o n  w i t h i n  l o t s  of s p e c i e s  i n  t h e  management u n i t ,  
i n c l u d i n g  t h e  fa l lowing:  

Opakapaka Pr i s t ipomoides  Zi lamentosus  
Onaga ' E t s l i s  coruscana  
EhU E t e l i s  carbunculus  
Uku Aprion v i r e s c e n s  
Hap uupuu Epinephelus quernus  
Butaguchi ( p i g  u lua )  Pseudocaranx dentex  

These s ix  spec ie s  i n  aggrega te  accounted f o r  73% of a l l  l o t s  and 84% of t h e  
weight  of all bottom f i s h  so ld  a t  t h e  UFA i n  1985 (unpubl ished d a t a ) .  

A t  t h e  beginning of the subsampling program approval  t o  sample on t h e  
premises  was granted  by t h e  management of t h e  UFA. 
w h o l e s a l e r s  were approached and asked t o  p a r t i c i p a t e  i n  t h e  p r o j e c t  by 

Ind iv idua l  buyers  and 
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a l lcwing  t h e i r  f i s h  t o  be i n d i v i d u a l l y  weighed. 
subsampling e f f o r t  a number of w h o l e s a l e r s  had cooperated,  i n c l u d i n g  t h e  
fo l lowing  companies: Wing Sing, S t a r ,  Tropic ,  Drum, HSP, J & F, F ish land ,  
Mzieda, Nishimura, Fresh Exports,  KK, and Red & White. 

By t h e  end of t h e  

A f t e r  i d e n t i f y i n g  l o t s  purchased by one of t h e  p a r t i c i p a t i n g  buyers ,  
a l l  of t h e  f i s h  t h a t  comprised i t  were weighed and t h e  b a s i c  l o t  sa les  s l i p  
s t a t i s t i c s  were recorded ( s e e  above).  These da t a ,  i n c l u d i n g  t h e  
t r a n s a c t i o n  da te ,  w e r e  e n t e r e d  i n t o  s t anda rd ized  d a t a  c o l l e c t i o n  shee t s ,  
which were subsequent ly  coded, e n t e r e d  i n t o  t h e  Honolulu Labora tory  
computer, and v e r i f i e d .  The d a t a  were analyzed w i t h  S t a t i s t i c a l  Analys is  
System (1979) computer r o u t i n e s  and i n  p a r t i c u l a r  w i t h  PROC GLM, a 
procedure t h a t  u ses  t h e  p r i n c i p l e  of l e a s t  squa res  t o  f i t  g e n e r a l i z e d  
l i n e a r  models. It performs u n i v a r i a t e  and m u l t i v a r i a t e  ana lyses ,  i n c l u d i n g  
simple l i n e a r  r eg res s ion ,  m u l t i p l e  l i n e a r  r eg res s ion ,  a n a l y s i s  of va r i ance ,  
a n a l y s i s  of covariance,  and p a r t i a l  c o r r e l a t i o n  a n a l y s i s .  

Although i t  i s  p r e f e r a b l e  t o  use  t h e  metric system f o r  f i s h e r y  
sampling programs, t h e  UFA r e c o r d s  t h e  w e i g h t s  of bottom f i s h  i n  pounds. 
Furthermore, f ishermen a re  accustomed t o  d i s c u s s i n g  t h e  s i z e  of f i s h  they  
ca t ch  i n  pounds and t h e i r  unders tanding  of s i z e  d i s t r i b u t i o n s  i s  a l s o  based 
on t h i s  measure. L a s t l y ,  c u r r e n t  S t a t e  of Hawaii law governing t h e  t ake  of 
undersized bottom f i s h  i s  expressed  i n  pounds. For  t h e s e  r easons  t h e  b a s i c  
u n i t  of weight  used i n  t h i s  s tudy w a s  t h e  pound measured t o  t h e  n e a r e s t  
ounce, a l though t h e  metric e q u i v a l e n t  i n  k i lograms i s  provided when 
appropr i a t e .  

RESULTS 

A t o t a l  of 478 l o t s  
were measured, i nc lud ing  
and Kawamoto 1985). The 

Spec ies  

Opakapaka 
Onaga 
Ehu 
UkU 
Hapuupuu 
But aguchi 

which i n  aggrega te  were composed of 3,159 f i s h  
t h e  uku t h a t  had been weighed p rev ious ly  (Rals ton  
breakdown by i n d i v i d u a l  s p e c i e s  was a s  fo l lows:  

- L o t s  F i s h  

77 809 
116 77 2 
36 220 
153 83 8 
37 156 
59 334 

These d a t a  show t h a t  an  average of 80 l o t s  compris ing 526 f i s h  w e r e  
measured f o r  each of t h e  6 s p e c i e s  of i n t e r e s t .  

The d a t a  w e r e  f i r s t  examined t o  determine t h e  form of t h e  under ly ing  
weight d i s t r i b u t i o n  w i t h i n  bottom f i s h  l o t s .  
s tandard  d e v i a t i o n  (s) were c a l c u l a t e d  from t h e  w e i g h t s  of f i s h  w i t h i n  it. 
Ind iv idua l  f i s h  we igh t s  w i t h i n  a l o t  (XI were then  conver ted  t o  s t anda rd  
sco res  accord ing  t o  t h e  fo l lowing  formula: 

For  each l o t  t h e  mean (Ti) and 
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Z-scores w e r e  rounded t o  t h e  n e a r e s t  0.25 and t a l l i e d  i n t o  a pooled 
frequency d i s t r i b u t i o n  because p re l imina ry  i n s p e c t i o n  of t h e  d a t a  on a 
s p e c i e s  by s p e c i e s  b a s i s  r evea led  no d i f f e r e n c e s .  The aggrega te  his togram 
of a l l  t h e  d a t a  i s  presented  i n  F igu re  1. It should be noted t h a t  l o t s  
con ta in ing  e x a c t l y  two f i s h  were n o t  i nc luded  i n  t h i s  a n a l y s i s .  Th i s  i s  
because a f t e r  c a l c u l a t i n g  t h e  mean and s t anda rd  d e v i a t i o n  from any sample 
where N = 2, t h e  untransformed v a l u e s  w i l l  a lways be conver ted  i n t o  Z- 
s c o r e s  equal  t o  -0.71 and i0.71. The e f f e c t  i s  t o  a r t i f i c i a l l y  i n c r e a s e  
t h e  frequency of s tandard  s c o r e s  i n  t h e  i n t e r v a l s  t h a t  encompass t h e s e  
va lues ,  g i v i n g  t h e  s u p e r f i c i a l  appearance of a bimodal d i s t r i b u t i o n  where 
none e x i s t s .  

4001 300 

I l l l l l l l l l l l  1 1  1 1 1  1 1 1  1 1  1 
-2 -1 0 +1 +2 

S t a n d a r d  S c o r e  

Figure  1. Observed and t h e o r e t i c a l  f requency d i s t r i b u t i o n s  
of Z-scores de r ived  from w i t h i n  l o t  subsampling. 

In  t h e  f i g u r e  t h e  observed d i s t r i b u t i o n  of Z-scores (N = 3139) i s  
, presented  a s  a his';ogram. Superimposed on t h i s  i s  a normal d i s t r i D u t i o n .  

w i t h  mean and s tandard  d e v i a t i o n  equal  t o  t h e  sample s t a t i s t i c s  c a l c u l a t e d  
from t h e  observed frequency d a t a  (Z = 0.00, s = 0.92).  Although t h e  
observed d i s t r i b u t i o n  of s t anda rd  s c o r e s  d e p a r t s  s i g n i f i c a n t l y  from t h e  
normal curve  (Kolmogorov-Smirnov D s t a t i s t i c  = 0.047, P < 0.01) i t  i s  
evident  t h a t  t h e  a c t u a l  under ly ing  d i s t r i b u t i o n  of we igh t s  w i t h i n  bottom 
f i s h  l o t s  i s  symmetrical and i s  nea r  normal. C a l c u l a t i o n  of t h e  t h i r d  and 
f o u r t h  moments about t h e  mean i n d i c a t e  t h a t  t h e  d i s t r i b u t i o n  shows s l i g h t  
p o s i t i v e  skewness (a3 = 0.150) and i s  p l a t y k u r t i c  ( a4  = -0.728). 
Nonetheless ,  t h e  normal d i s t r i b u t i o n  r e p r e s e n t s  an adequate  approximation 
t o  t h e  d a t a ,  which could be  used a s  a t h e o r e t i c a l  p r o b a b i l i t y  model f o r  
d e s c r i b i n g  weight  v a r i a t i o n  w i t h i n  l o t s  of bottom f i s h .  
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Rals ton  and Kawamoto (1985) r epor t ed  t h a t  91% of t h e  v a r i a t i o n  i n  
weight  of uku so ld  a t  UFA w a s  a t t r i b u t a b l e  t o  d i f f e r e n c e s  among l o t s .  
s i m i l a r l y  determine t h e  ba l ance  between %within" and "among" l o t  weight  
v a r i a t i o n  i n  t h i s  study, s t anda rd  a n a l y s i s  of v a r i a n c e  (ANOVA) w a s  a p p l i e d  
t o  t h e  da ta .  A s e p a r a t e  ANOVA w a s  run  f o r  each s p e c i e s  a s  w e l l  a s  f o r  a l l  
t h e  da t a  combined. 
v a r i a b l e .  For each ANOVA t h e  c o e f f i c i e n t  of de t e rmina t ion  w a s :  

To 

In  a l l  a n a l y s e s  t h e  bottom f i s h  l o t  w a s  t h e  t r ea tmen t  

2 r - Spec ie s  

Opakapaka 
Onaga 
Ehu 
UkU 

Hapuupuu 
Butaguchi 

90.5% 
96.3% 
96.5% 
89.3% 
93.6% 
88.0% 

A l l  s p e c i e s  pooled 94.3% 

These f i n d i n g s  show c l e a r l y  t h a t  t h e  preponderance of v a r i a t i o n  i n  bottom 
f i s h  weight  i s  a t t r i b u t a b l e  t o  d i f f e r e n c e s  among l o t s .  
pooled, f o r  example, 94.3% of t o t a l  weight  v a r i a t i o n  w a s  "explained" by 
d i f f e r e n c e s  i n  t h e  mean weight  of f i s h  sampled from each l o t .  These d a t a  
t h e r e f o r e  support  t h e  assumption of Rals ton  and Kawamoto (1985) t h a t ,  a s  a 
f i r s t  approximation, w i t h i n  l o t  v a r i a t i o n  can be cons idered  n e g l i g i b l e .  

When t h e  d a t a  were 

The d a t a  were examined f u r t h e r  t o  develop a s u i t a b l e  r e g r e s s i o n  model 
f o r  e s t ima t ing  v a r i a n c e  i n  weight  g iven  t h e  fo l lowing  b a s i c  l o t  
c h a r a c t e r i s t i c s :  (a )  t h e  t o t a l  number of f i s h  (#FISH), (b) t h e  t o t a l  
weight  of f i s h  i n  t h e  l o t  (TOTWT), and ( c>  t h e  spec ie s .  To accomplish t h i s  
t h e  v a r i a n c e  of weight  w i t h i n  a l o t  of f i s h  WAR) w a s  c a l c u l a t e d  f o r  each 
of t h e  478 l o t s ,  
TOTWT. These showed c u r v i l i n e a r i t y  i n  t h e  r e l a t i o n s h i p  of t h e s e  v a r i a b l e s .  
Natura l  l oga r i thms  of t h e  d a t a  were determined. 
t ransformed da ta  shuwed t h a t  t h e  r e l a t i o n s h i p  of log(VAR) t o  log(BF1SH) and 
log(T0WT) was l i n e a r  (F igs .  2 and 3 ) .  The fo l lowing  r e g r e s s i o n  model was 
subsequent ly  developed f o r  f u r t h e r  t rea tment  of t h e  da t a :  

Sca t te rgrams were then  prepared of VAR on #FISH and 

P l o t s  r e s u l t i n g  from t h e  

(1) log(VAR) = a*log(#FISH) + b*log(TO!tWT) + I n t e r c e p t  + Normal E r r o r  

whieh i s  equ iva len t  t o  6 m u l t i p l i c a t i v e  model of t h e  form: 

Expected Value of VAR = (Co)  FISH^) (TOTWTb) 

where Cg i s  a cons t an t ,  t h e  a n t i l o g  of t h e  i n t e r c e p t  from t h e  log-log 
r eg res s1  on. 

Equation (1) i s  s p e c i f i e d  a s  a m u l t i p l e  r e g r e s s i o n  equat ion  i n  which 
log(#FISH) and log(T0TWT) are t h e  independent v a r i a b l e s .  To a s s e s s  t h e  
o r thogona l i ty  (i.e.,  independence) of t h e s e  v a r i a b l e s  spec ie s - spec i f i c  
s ca t t e rg rams  and c o r r e l a t i o n s  were developed. The r e s u l t s  showed t h a t  f o r  
t h e  onaga, ehu, and hapuupuu t h e  v a r i a b l e s  a r e  independent ,  whereas  f o r  t h e  
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opakapaka ( r  = 0.691, uku (r  = 0.771, and butaguchi  ( r  = 0.46) s i g n i f i c a n t  
p o s i t i v e  c o r r e l a t i o n s  ex is t  i n  t h e  r e l a t i o n s h i p  of l o g  (#FISH) and 
log(T0'IWT). These f i n d i n g s  i n d i c a t e  t h a t  c a u t i o n  must be e x h i b i t e d  i n  t h e  
use  of m u l t i p l e  r e g r e s s i o n s  invo lv ing  t h e  l a t t e r  t h r e e  spec ie s ,  t o  i n s u r e  
t h a t  t h e  independent  v a r i a b l e s  remain w i t h i n  t h e  range of d a t a  f o r  which 
the model w a s  i n i t i a l l y  f i t t e d ,  

The d a t a  w e r e  next  analyzed by a n a l y s i s  of cova r i ance  (ANCOVA) t o  
determine whether  d i f f e r e n c e s  exis t  among bottom f i s h  s p e c i e s  w i t h  r ega rd  
t o  t h e  m u l t i v a r i a t e  r e l a t i o n s h i p  s p e c i f i e d  i n  Equat ion (1 ) .  A similar  
r e l a t i o n s h i p  among s p e c i e s  might be expected s o l e l y  on t h e  b a s i s  of 
s i m i l a r i t i e s  i n  body s ize  and shape, t h i s  because weight  v a r i a t i o n  w i t h i n  
l o t s  i s  l a r g e l y  t h e  result of how w e l l  f i s h  have been s o r t e d  by UFA s t a f f .  
Therefore ,  i n  t h i s  a n a l y s i s  t h e  six s p e c i e s  w e r e  used t o  s p e c i f y  t h e  level 
of t h e  c l a s s i f i c a t i o n  o r  t rea tment  variable. 
employed as c w a r i a t e s  and log(VAR) w a s  t h e  dependent v a r i a b l e .  The ANCOVA 
showed t h a t  s i g n i f i c a n t  d i f f e r e n c e s  do exist among t h e  s p e c i e s  i n  t h e  
r e l a t i o n s h i p  of log(VAR) t o  t h e  c o v a r i a t e s  (F = 246.45, df = 7 ,  445, P < 
0.0001. m u l t i p l e  r2 = 0.79) .  The t r ea tmen t  means, a d j u s t e d  f o r  i n i t i a l  
d i f f e r e n c e s  i n  levels of the c o v a r i a t e s  and w i t h  s t anda rd  e r r o r s ,  are: 

Log (#FISH) and log(T0'IWT) were 

Spec ie s  

Hapuupuu 
EhU 
U k U  
But aguchi  
Opakapaka 
Onaga 

Adjusted mean Standard e r r o r  

0.4251 0.1476 
0.1963 0.1690 
0.0094 0,0791 

-0.0056 0,1174 
-0.1189 0.1088 
-0 4282 0.0810 

- 

These results show t h a t  when s p e c i e s  a r e  compared a t  e q u i v a l e n t  v a l u e s  of 
?"FISH and TOTWT, weight  v a r i a t i o n  w i t h i n  l o t s  i s  g r e a t e s t  f o r  t h e  hapuupuu. 
Onaga l o t s  appear  t o  c o n t a i n  t h e  l e a s t  amount of v a r i a t i o n .  

Comparison of t h e  a d j u s t e d  means w a s  used t o  determine which s p e c i e s  
a re  s imi la r  t o  one ano the r  and which a re  d i s s i m i l a r .  
p r e s e n t s  t h e  p r o b a b i l i t i e s  of g r e a t e r  t -va lues  under  t h e  n u l l  hypotheses  
t h a t  t h e  a d j u s t e d  means f o r  s p e c i e s  i (rows) and s p e c i e s  j (columns) a re  
equal.  Although t h e s e  mu1 t i p l e  comparisons result i n  an  inc reased  chance 
of a Type I e r r o r  ( r e j e c t i o n  af a t r u e  n u l l  hypo thes i s ) ,  t h e  consequences 
of Type I e r r o r  are a c c e p t a b l e  whereas  r o r  Type I1 errcrs they  a r e  not.  

The fo l lowing  matrix 

SPECIES 

Uku Butaguchi  Opakapaka Onaga - Ehu - SPECIES Hapuupuu 

Hapuupuu 
EhU 0.3312 - 
UkU 0.0114 0.3296 - 
But aguchi  0,0190 0.3542 0.9135 - 
Opakapaka 0,0043 0.1116 0.3597 0 , 4897 - 
Onaga 0.0001 0.0008 0.0001 0.0034 0.0234 - 
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The p r o b a b i l i t i e s  g iven  above i n d i c a t e  no s i g n i f i c a n t  d i f f e r e n c e s  (P = 
0.05) i n  t h e  a d j u s t e d  means of butaguchi ,  ehu, opakapaka, and uku, 
H a w e v e r ,  onaga i s  d i s t i n g u i s h a b l e  from a l l  o t h e r  s p e c i e s  and hapuupuu is 
d i f f e r e n t  from a l l  o t h e r  s p e c i e s  except  ehu. Th i s  result s u g g e s t s  t h e  
fo l lowing  s p e c i e s  p a r t i t i o n  f o r  c a l c u l a t i n g  t h r e e  d i s t i n c t  m u l t i p l e  
r e g r e s s i o n  equa t ions  f o r  e s t i m a t i n g  v a r i a t i o n  i n  we igh t  of bottom f i s h  
w i t h i n  a u c t i o n  l o t s  a t  UFA: 

Equation A: Opakapaka, ehu. uku, bu taguchi  
Equation B: Onaga 
Equation C: Hapuupuu 

A l l  s p e c i e s  l i s t e d  f o r  Equat ion A have s i m i l a r  a d j u s t e d  mean l o g ( V A R 1 ,  
i.e., no member of t h e  group i s  d i f f e r e n t  from any o t h e r  member. Th i s  
result w a s  confirmed by a second ANCOVA i nvo lv ing  t h e  d a t a  f o r  only.  t h e s e  
f o u r  spec ies .  Again, i n  no c a s e  d i d  any one s p e c i e s  d i f f e r  from another .  

The d a t a  were then  aggrega ted  accord ing  t o  t h e  groupings s p e c i f i e d  
above (A, B, and C) and t h e  m u l t i p l e  r e g r e s s i o n  c o e f f i c i e n t s  of Equat ion 
(1) es t ima ted  f o r  each, A l l  t h r e e  r e g r e s s i o n s  were h i g h l y  s i g n i f i c a n t  (P < 
0.0001) and each independent  v a r i a b l e  ( log  (#FISH) and l o g  (TOTWT) 1 accounted 
f o r  a s i g n i f i c a n t  r e d u c t i o n  i n  t h e  e r r o r  sums of squa res  i n  a l l  t h r e e  
cases. Parameter estimates w i t h  a s s o c i a t e d  s t a n d a r d  e r r o r  estimates g iven  
i n  pa ren theses  below are: 

N Species  - a - b I n t e r c e p t  - 
Opakapaka , ehu, -1.4402 1.9906 -5.0473 7 9% 3 00 
Uku, but  aguchi (0,1026j ( 0.0594) (0.2363) 

Onaga -1.5431 2.0978 -5 6953 7 9% 116 
(0.1948) (0.1 118) (0.557 3) 

Hap uup uu -1,2659 1.4321 -2 5 497 57% 37 
(0.3 880 1 ( 0.2 47 5) (1.2068) 

The r2 v a l u e s  f o r  t h e  r'irst two r e g r e s s i o n s  i n d i c a t e  t h a t  roughly 80% of 
t h e  v a r i a t i o n  i n  weight  of t h e s e  s p e c i e s  w i t h i n  UFA bottom f i s h  l o t s  i s  
"explained" by t h e  r eg res s ions .  Th i s  f i g u r e ,  coupled w i t h  t h e  r2 v a l u e s  
es t imated  e a r l i e r  by ANOVA f o r  among l o t  v a r i a t i o n  (94%). s s g g e s t s  t h a t  
nea r ly  99% of t h e  t o t a l  v a r i a t i o n  i n  weight  of bottom f i s h  can  be  accounted 
f o r  w i t h  t h e  p re sen t  model. S imi l a r ly ,  f o r  hapuupuu approximately 97-98% 
of i t s  t o t a l  weight  v a r i a t i o n  can be recovered from simple l o t  s t a t i s t i c s  
(i.e.,  t h e  t o t a l  number of f i s h ,  t o t a l  l o t  weight ,  and the s p e c i e s ) .  

EXAMPLE APPLICATION OF THE METHOD 
. .  

Following i s  a n  a p p l i c a t i o n  of t h e s e  results t o  estimate t h e  
d i s t r i b u t i o n  of w e i g h t s  w i t h i n  a l o t  of UFA bottom f i s h .  
l o t  of opakapaka weighs 47 l b  (21.3 kg)  and compr ises  8 f i s h .  From t h e s e  
d a t a  w e  would estimate t h e  mean weight  of f i s h  w i t h i n  t h i s  l o t  t o  be 5.88 

Suppose t h a t  a 
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l b  (2.67 kg) .  
fol lows:  

An estimate of t h e  v a r i a n c e  i n  weight  could be c a l c u l a t e d  as  

IOg(VAR) = -1.4402 log(#FISH) + 1.9906 log(TOWT)) -5.0473 

lOg(VAR) = -1.4402 l og (8 )  + 1.9906 l o g  ( 4 7 )  - 5.0473 

log(VAR) = -1.4402 (2.08)  + 1.9906 (3 .85)  - 5.0473 

lOg(VAR) = -2.99 + 7.66 - 5.0473 

log(VAR) = -0.38 

VAR = 0.69 

The s t anda rd  d e v i a t i o n  of we igh t s  w i t h i n  t h e  l o t  i s  s = sqrt(VAR1 = 0.83 l b  
(0.38 kg) .  
estimate t h e  p r o b a b i l i t i e s  t h a t  f i s h  are smaller than  any s p e c i f i c  weight  
by us ing  s t anda rd  s c o r e s  a s  fo l lows:  

Given t h a t  t h e  d i s t r i b u t i o n  i s  normal ( see  F igure  1) w e  can 

Weight ( l b )  

3.5 
4.5 
5.5 
6.5 
7.5 
8.5 

Z Score P r o b a b i l i t y  5 
-2.87 0.0021 
-1.66 0.0485 
-0.46 0.3228 
+0.75 0.7734 
+1.95 0 9744 
+3.16 0.9992 

Thus t h e  p r o b a b i l i t y  t h a t  a f i s h  l i e s  i n  t h e  i n t e r v a l  3.5-4.5 lb. i.e., 
t h a t  i ts rounded weight  i s  4 l b ,  i s  0.0485 - 0.0021 = 0.0464. 
t h e  remaining p r o b a b i l i t e s  are c a l c u l a t e d  as: 

S imi l a r ly .  

Expected 
Weight P r o b a b i l i t y  Number 

0.0464 
0.2743 
0,4506 
0.2010 
0.0248 

0.37 
2.19 
3.60 
1.61 
0,20 - 

Sum = 7.97 8.00 

The number of f i s h  expected a t  a g iven  weight  i s  simply t h e  p r o b a b i l i t y  of 
occur rence  a t  t h a t  weight  t i m e s  t h e  t o t a l  number of f i s h  i n  t h e  sample ( 8 ) .  
The l a s t  column t h e r e f o r e  g i v e s  t h e  expected number of f i s h  i n  each weight  
ca tegory .  

Th i s  procedure can be employed t o  estimate t h e  f u l l  weight-frequency 
d i s t r i b u t i o n  of a l l  s ix  s p e c i e s  f o r  which a u c t i o n  d a t a  i s  suppl ied .  
e s t ima ted  s i z e  d i s t r i b u t i o n s  can  t h e n  be employed i n  stock-assessment 

These 
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models -- a s  if t h e  e n t i r e  market sample had been measured. 
doing so should be acceptab ly  small .  
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